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Perceptions, practices, and consequences associated with foodborne 
pathogens and the feeding of raw meat to dogs

Jennifer Lenz, Daniel Joffe, Michael Kauffman, Yifan Zhang, Jeffery LeJeune

Abstract — This study explored the impact of feeding raw meat to dogs on the fecal prevalence of several enteric 
bacterial zoonotic pathogens. Campylobacter jejuni was isolated from 1/42 (2.6%) raw meat-fed dogs. Salmonella 
enterica was isolated from 2/40 (5%) of the raw meat feeds, 6/42 (14%) raw meat-fed dog feces, none of the dogs 
that did not receive raw meat (P = 0.001), 4/38 (10.5%) of the vacuum cleaner waste samples from households 
where raw meat was fed, and 2/44 (4.5%) of vacuum cleaner waste samples from households where raw meat was 
not fed to dogs (P = 0.41). Responses to a questionnaire probing practices and beliefs regarding raw meat feeding 
that was administered to dog owners demonstrated that dog owners may either not be aware or refuse to acknowl-
edge the risks associated with raw meat-feeding; thus, they may neglect to conduct adequate intervention strategies 
to prevent zoonoses among themselves and their families.

Résumé — Perceptions, pratiques et conséquences associées aux agents pathogènes d’origine alimentaire et 
à une alimentation de viande crue pour les chiens. Cette étude a exploré l’impact d’une alimentation de viande 
crue pour les chiens sur la prévalence fécale de plusieurs bactéries pathogènes entériques zoonotiques. Campylobacter 
jejuni a été isolé chez 1/42 (2,6 %) des chiens nourris de viande crue. Salmonella enterica a été isolé dans 2/40 (5 %) 
des aliments de viande crue, dans 6/42 (14 %) des fèces des chiens nourris de viande crue, chez aucun des chiens 
qui n’avaient pas reçu de viande crue (P = 0,001), dans 4/38 (10,5 %) des échantillons de déchets d’aspirateur 
provenant de ménages où une alimentation de viande crue était servie et dans 2/44 (4,5 %) des échantillons de 
déchets d’aspirateur provenant de ménages où la viande crue n’était pas servie aux chiens (P = 0,41). Les réponses 
à un questionnaire examinant les pratiques et les croyances concernant l’alimentation à base de viande crue qui a 
été administré aux propriétaires de chiens ont démontré que les propriétaires de chiens n’étaient soit pas au courant 
ou refusaient de reconnaître les risques associés à une alimentation à base de viande crue; par conséquent, ils peuvent 
négliger de mettre en place des stratégies d’intervention adéquates afin de prévenir les zoonoses pour eux-mêmes 
et leur famille.

(Traduit par Isabelle Vallières)
Can Vet J 2009;50:637–643

Introduction

A n estimated 76 million cases of human bacterial gastro-
enteritis occur in the United States (US) each year and 

most of these cases are attributed to the consumption of contam-
inated foods (1). Likewise, dogs are also susceptible to infection 
with many of the same bacterial pathogens (2). Although dogs 
frequently display no clinical signs of illness when colonized 
with bacterial organisms that cause human disease, excre-
tion of these agents in their feces may pose a zoonotic health 

threat. In the US, 3% of all salmonellosis cases and as many 
as 15% of Campylobacter spp. infections may be attributable 
to contact with companion animals (3). Prevention of disease 
transmission from dogs to humans, either through increased 
hygiene or decreased pathogen prevalence in the pet dog pop-
ulation, could have considerable impact on public health, 
especially among children and immunocompromised individu-
als, who are at particularly high risk for infection and severe  
illness (4).
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In recent years, there has been increased recognition by the 
veterinary community of dog owners choosing to feed raw meat 
to their pets (5–9). Given the frequency with which raw meat 
products are contaminated with foodborne pathogens, the pri-
mary goal of this research was to determine if dogs consuming 
food containing raw meat were at increased risk for carriage of 
the 3 most common foodborne bacterial zoonotic pathogens 
occurring in humans; namely, Salmonella enterica, Campylobacter 
jejuni, and Escherichia coli O157. A secondary goal was to deter-
mine if dogs could contaminate their household environment 
with Salmonella enterica.

Materials and methods
Recruitment and sample collection
Multiple methods were used to solicit participation among dog 
owners. Between June 1, 2004, and June 30, 2006, veterinar-
ians and dog breeders were asked, via telephone calls, e-mail, 
and direct mailing, to recruit an equal number of clients that 
regularly fed raw meats (including poultry and eggs) and clients 
that did not feed any raw meats to their dogs. Participation 
information was also posted on the investigator’s internet 
homepage (10). Inclusion criteria included the following: 1) that 
dogs be greater than 1 y of age, 2) that they be considered 
clinically healthy by the owners, and 3) that they had no his-
tory of antibiotic treatment in the past 3 mo. Participants were 
requested to submit via overnight courier 1) a freshly voided 
fecal specimen, 2) approximately 50 g of the food being fed to 
the dog, 3) the contents of a vacuum cleaner bag used in the 
household in which the dog lived, and 4) a completed question-
naire. Participation was limited to 1 dog per household. All costs 
associated with testing, including shipping costs, were paid by 
the investigators. The submitter was assigned to each submission 
a unique identifier that he/she could use to access the culture 
results of his/her samples via the Internet.

Microbiological methods
Bacterial pathogens were isolated, using enrichment procedures 
previously described (11). All fecal and raw food samples were 
cultured for C. jejuni. Briefly, cotton-tipped swabs were inserted 
into the raw food or feces and coated evenly with the sample 
(approximate weight of 0.15 g). Swabs were then inoculated 
into enrichment broth (CampyThio; Remel, Lenexa, Kansas, 
USA) and incubated for 48 h at 4°C. The enriched samples were 
subsequently plated on Columbia Blood Agar containing vanco-
mycin and amphotericin B (Sigma Aldrich, St. Louis, Missouri, 
USA) and incubated under microaerophilic conditions for an 
additional 48 h at 42°C. Bacterial colonies with morphology 
consistent with that of C. jejuni were tested by polymerase chain 
reaction (PCR) for the C. jejuni-specific mopA gene (12).

For the culture of E. coli O157, 10-g samples of feces and 
raw food were homogenized with 90 mL of buffered peptone 
water (BPW) and incubated overnight at 42°C. Escherichia coli 
O157 was concentrated from 1-mL samples of these homoge-
nates by using anti-O157 specific immunomagnetic beads and 
an automated immunomagnetic bead separator (BeadRetriever, 
Dynal BioTech, Oslo, Norway). Beads were plated on sorbitol 
MacConkey agar plates containing cefixime (50 mg/mL) and 

tellurite (100 mg/mL) (SMACct) (Invitrogen Corporation, 
Carlsbad, California, USA). After overnight incubation at 37°C, 
up to 5 suspect (sorbitol-negative) colonies recovered from each 
SMACct plate were further screened for the biochemical char-
acteristics of E. coli O157:H7, including lactose fermentation, 
absence of d-umbelliferyl-ß-glucuronide cleavage, and agglu-
tination in a commercially available latex test kit specific for 
the O157 antigen (Oxoid E. coli O157 Latex test DR0620M; 
Oxoid, Ogdensburg, New York USA).

For the culture of Salmonella spp. 10 g of feces and raw 
food and 10 g of vacuum cleaner waste were enriched and 
homogenated, as described previously for E. coli. One hundred 
microliters of each homogenate was transferred to 9.9 mL of 
Rappaport-Vassiliadis (RV) broth and incubated for 18 h at 
42°C. One loopful (20 mL) of the broth enrichment was then 
plated onto a xylose-lysine-tergitol-4 (XLT4) agar plate (Neogen 
Corp, Lansing, Michigan, USA) and incubated at 37°C over-
night. From each XLT4 plate, up to 3 colonies with a morphol-
ogy typical of that of S. enterica were selected for biochemical 
screening (triple sugar iron, citrate, and urea agars). One colony 
from each sample that produced an acid butt and alkaline slant 
with H2S production on triple sugar iron agar, that was urea-
negative, and that was citrate-positive was serogrouped, using 
group-specific antisera (Becton Dickinson, Sparks, Maryland, 
USA) and sent for serotyping to the United States National 
Veterinary Service Laboratory, Ames, Iowa.

Salmonella isolates were further subtyped, using pulsed-field 
gel electrophoresis (13) and antibiotic resistance phenotyping. 
Resistance to antibiotics on the United States Department of 
Agriculture National Antibiotic Resistance Monitoring System 
(NARMS) panel (amikacin, amoxicillin/clavulanic acid, ampi-
cillin, cefoxitin, ceftiofur, ceftriaxone, chloramphenicol, cipro-
floxacin, gentamicin, kanamycin, nalidixic acid, streptomycin, 
sulfisoxazole, tetracycline, and trimethoprim/sulfamethoxazole) 
was determined, using the broth dilution method in commer-
cially purchased plates (Sensititer; Trek diagnositics, West Lake, 
Ohio, USA). Breakpoints for resistance were those used by the 
NARMS (14).

Questionnaire
Participants were requested to complete a questionnaire assessing 
demographic data of respondents; sources of information about 
animal health; and a variety of dog signalment and management 
practices, such as pet veterinary checkups, exercise options, 
and hygiene practices, as well as selected beliefs and opinions 
on pet feeding, such as what, how often, and where dogs were 
fed. The questionnaires and methods of participant recruit-
ment were reviewed by the Ohio State University Office of Risk 
Protection and deemed exempt from review by the Institutional 
Review Board.

Response rates
A total of 92 dog owners agreed to participate in the study. 
One owner asked to withdraw from the study after the samples 
had been shipped, but before they had been analyzed. Some 
participants failed to submit all the requested materials. As 
such, a total of 91 fecal samples were screened, 42 from raw 
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meat-fed (RMF) dogs and 49 from not raw meat-fed (NRMF) 
dogs. Forty raw meat-containing feeds were analyzed. The con-
tents of 82 vacuum cleaner bags were tested, 38 and 44 bags 
from households feeding raw meat and not feeding raw meat, 
respectively. Two questionaires from households not feeding raw 
meat were not completed. All other submitted fecal samples were 
accompanied with completed questionnaires.

Statistical analyses
Two separate research questions were evaluated. First, whether 
specific dog management practices were associated with the 
isolation of Salmonella from the feces and if the isolation rate 
of Salmonella from vacuum cleaner dust was related to the type 
(raw versus not raw) of feed used in the home. These hypoth-
eses were tested by using the chi-squared tests for homogeneity. 
Second, if there were differences in human behavior, beliefs, and 
dog management practices between owners who did and those 

who did not feed raw meat. These hypotheses were tested by 
comparing the distribution of survey responses between groups, 
using the Kolmogrov-Smirnov two-sample test. Difference in 
amount of money spent on feed was compared, using a two-
sample t-test. The analyses were all conducted by using an 
appropriate software product (SAS for Windows version 9.0; 
SAS Institute, Cary, North Carolina, USA) with type-I error 
set at 0.05.

Results
Campylobacter jejuni was isolated from the feces of 1/42 [2.4%; 
95% confidence interval (CI): 0.06–12.8] of the RMF dogs and 
0/49 (0%; 95% CI: 0–7.2) of the NRMF dogs. None of the raw 
food samples tested positive for C. jejuni. Escherichia coli O157 
was not recovered from any fecal or raw food sample. Salmonella 
enterica was recovered from the feces of 6/42 (14.3%; 95% 
CI: 5.4–28.5) of the RMF dogs and 0/49 (0%; 95% CI: 0–5.8) 

Table 1. Sources, serovars, and antibiotic resistance of Salmonella enterica isolated

 Salmonella serovar isolation

Feed type Sample In food In feces In vacuum Resistance

Raw 1 Anatum var. 151   aPansusceptible
 1  Hadar  Str,Tet
 2  Heidelberg  Tet
 2   Heidelberg Tet
 3   4,5,12:i:- Amp, Amo, Tri
 4  Worthington  Tet
 5  Hadar  Str, Tet
 6 Kentucky   Pansusceptible
 6  St. Paul  Pansusceptible
 7  6,7:e,h:-  Pansusceptible
 8   Berta Amp, Tet
 9   London Pansusceptible
Not raw 10   Anatum Pansusceptible
 11   Newport Pansusceptible
a Pansusceptible to all antimicrobials tested; Str — streptomycin; Tet — tetracycline; Amp — ampicillin; Amoamoxicilllin/

calavulanic acid; Tri — Trimethoprim/sulfamethoxazole.

Table 2. Factors associated with fecal carriage of Salmonella. All statistically different factors are 
more common among raw meat-fed dogs and owners of raw meat-fed dogs

Variable OR 95% CI P

Inclusion of any raw ingredients in diet Undefineda  , 0.01
Inclusion of the following specific feed ingredients
 Raw beef Undefined  , 0.01
 Raw chicken Undefined  , 0.01
 Raw pork 16.9 2–142 0.21
 Raw eggs 7.5 1.3–44.6 0.01
 Bones 5.5 0.6–49.4 0.09
 Pig ears 9.8 1.1–88 0.01
 Rawhide Undefined  0.22
 Cooked table scraps 1.7 0.3–10.2 0.52
 Deli meats 2.0 0.38–10.8 0.39
 Feed supplements (neutraceuticals, probiotics) 1.3 0.2–8.7 0.72
Dog has contact with livestock 4.9 0.89–26.6 0.05
Dog confined to fenced yard Undefined  0.21
Dog can run in park or other place dogs have visited 0.34 0.4–3.1 0.32
Dog is always on a leash 0.74 0.1–4.3 0.74
Dog has contact with cats 0.4 0.04–3.6 0.41
Frequency feed offered NAb  0.41
Frequency of cleaning of waterbowl NA  0.61
Frequency of cleaning of food bowl NA  0.45
a The complete absence of Salmonella-positive dogs in 1 of the 2 groups make the odds ratio (OR) undefinable.
b Not Applicable, multiple ordinal responses.
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of the NRMF dogs (Table 1); this difference in S. enterica 
prevalence between feeding groups was significant (P # 0.05). 
Salmonella enterica was also isolated from 2/40 (5%; 95% 
CI: 0.6–16.9) of the raw food specimens and 6/82 (7.3%; 95% 
CI: 2.7–15.2) of the vacuum cleaner waste samples. Salmonella 
enterica was recovered more frequently in vacuum cleaner waste 
from households with RMF dogs than from those with NRMF 
dogs (4/38, 10.5% versus 2/44, 4.5%), but this difference was 
not statistically significant (P = 0.41).

Several different serovars of S. enterica were recovered from the 
feed, feces, and vacuum contents (Table 1). Notably, S. Heidelberg  
was isolated from both the fecal sample and the vacuum cleaner 
contents from 1 household; these isolates had similar antimicro-
bial resistance phenotypes, but unique pulsed-field gel electro-
phoresis profiles (data not shown). Seven of the 14 Salmonella 
isolates were susceptible to all the antimicrobials tested (Table 1). 
Three isolates were resistant only to tetracycline, 2 isolates were 

resistant only to tetracycline and streptomycin, 1 isolate was resis-
tant only to tetracycline and ampicillin, and 1 isolate was  resistant 
only to ampicillin, amoxicillin/clavulanic, and trimethoprim/
sulfamethoxazole.

Recovery of S. enterica from the feces was associated with 
the feeding of raw meat and exposure to livestock, but with 
none of the other potential risk factors examined in this study 
(Table 2). Exposure to livestock (cattle, sheep, goats, pigs, and 
horses) was higher among RMF dogs than among NMRF dogs 
(12/40, 30% versus 4/48, 10%; P = 0.01), but the fecal carriage 
of Salmonella among RMF dogs was not statistically different 
between dogs with or without livestock exposure (3/28, 7.5% 
versus 3/12, 25%; P = 0.25).

Dog owners feeding raw meat and not feeding raw meat were 
similar in terms of gender, level of education, level of reported 
income, age, and number of children in the household (Table 3). 
However, certain beliefs, practices, dog management factors, and 
influences on feed selection were divergent among the 2 groups 
(Table 3, Figure 1). While only 2 of 41 (5%) individuals who 
fed raw food strongly agreed, disagreed, or were indifferent 
with the statement “Diets containing raw meat are healthy for 
dogs,” 32 of 46 (70%) individuals who did not feed raw meat 
disagreed to some extend or were indifferent with this statement 
(Figure 1B). Owners feeding raw products spent $63, standard 
error (Sx̄ ) = 8, per month on raw foods, whereas those who did 
not feed raw feed meats spent $39, Sx̄ = 6, per month (P = 0.01). 
Raw poultry products (83%), beef (80%), eggs (38%), and 
pork (14%) were typically included in the raw rations. Feeding 
of particular meat products from various species was often cor-
related (data not show).

Discussion
In this study, although dogs that were fed raw meat were more 
likely to shed Salmonella in their feces than dogs that were not, 
Salmonella may contaminate the household environment and 
serve as a source of Salmonella exposure to humans in house-
holds with dogs, regardless of the diet fed. Human exposure to 
Salmonella-positive dogs and contaminated household environ-
ments has public health implications, particularly for the very 
young, the elderly, pregnant women, and otherwise immuno-
compromised individuals.

Previous studies have reported the frequency of microbial 
contamination of raw foods intended for dogs (5,6,8,15,16). 
Campylobacter spp. were not found in a combined total of 
313 samples of raw meat dog foods in either of 2 previous stud-
ies (5,6). In another study, 1 of the 2 raw feeds analyzed was 
positive for E. coli O157 (15). Prevalence values for Salmonella 
contamination of raw meat dog food range from 5% to 50% 
(5,6,8,15,16).

The frequency of food contamination can be influenced by 
the feed ingredients, the prevalence of the pathogens in the 
live animals at the time of slaughter, and the degree of hygiene 
during processing, transportation, and storage. Certain meat 
products are more likely than others to be contaminated with 
specific pathogens. For example, at slaughter, E. coli O157 is 
most likely to contaminate foods of bovine origin and not other 
meats (17). Therefore, exclusion of beef products from raw 

Table 3. Owner beliefs, practices, and perceptions associated 
with the feed type provided to dogs

 P-value

Demographics of Respondents
 Owner gender 0.26
 Owner level of education 0.13
 Owner income 0.68
 Owner age 0.95
 Number of children in household 0.62

Owner Beliefs
 Raw food is healthy for dogs , 0.01a

 Raw food is hazardous for dogs , 0.01b

 Commercial food is hazardous to dogs , 0.01
 Choice of dog food has environmental impact 0.05
 Choice of dog food reflects level of care for pet 0.32
 Pet foods should contain only organic ingredients 0.08

Owner Practices
 Consumes raw fish 0.03
 Consumes pink ground beef 0.81
 Consumes undercooked (runny) eggs 0.30
 Consumes raw shellfish 0.57
 Consumes raw cookie dough 0.28
 Consumes raw sprouts 0.23
 Increasing frequency of choosing organic foods for self  
  and family 0.01c

 Follows a vegetarian lifestyle 0.48
 Increasing frequency of recycling of packaging materials 0.61

Dog Management
 Prepares dog food at home , 0.01
 Feeds dog cooked table scraps 0.02
 Feeds dog dietary supplement 0.04
 Dog not vaccinated in last 3 years 0.03
 Increasing interval since dogs’ last veterinary examination 0.28

Factors influencing feed selection
 Absence of preservatives , 0.01
 Perceived nutritional value 0.01
 Presence or absence of specific feed ingredients 0.23
 Perceived pet preference 0.49
 Perceived ability of feed to cause diseases 0.12
 Perceived ability of feed to prevent diseases , 0.01
 Product freshness 0.14
 Veterinary consultation 0.16
 Feed costs 0.27
a,c See Figure 1 for examples of response distribution.
b All other variables, except this factor, were more common among raw meat fed 

dogs and owners of raw meat fed dogs than those animals that did not receive raw 
meat.
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meat diets for dogs will reduce the likelihood of this organism 
in the feed.

Furthermore, there are seasonal variations in carriage rates and 
contamination rates of several foodborne pathogens by food-
producing animals (18,19,20) Prevalence is highest in cattle in 
the summer for E. coli O157, Salmonella, and Campylobacter 
(18,19). Likewise, the prevalence of Campylobacter spp. in poul-
try also increases in the warmer months (21). The frequency of 
pathogen contamination of meats intended for human consump-
tion has decreased in recent years. Nevertheless, approximately 
0.17% of ground beef samples test positive for E. coli O157 (22) 
and as many as 25% and 80% of poultry samples test positive 
for Salmonella spp. and Campylobacter spp. respectively, depend-
ing upon the source (20). In summary, pathogen contamination 
in raw meats, even those intended for human consumption, 
occurs. Sixty percent of raw meat commercially available for 
dog foods are contaminated with generic E. coli, indicating 
that microbial contamination of these products at the time of 
either slaughter or processing is common (6). The frequency of 
Salmonella contamination of raw-meat diets found in this study 
was similar to that in other reports (5,6,8).

It is assumed that dogs become colonized with Salmonella 
spp., Campylobacter spp., and E. coli O157 from foodborne 
sources (23,24). The frequency of foodborne transmission of 
bacterial zoonotic pathogens to dogs is related to the frequency 
and dose of exposure, as well as the pathogens’ propensity 
to colonize the gastrointestinal tract of dogs, which may be 
modulated by both pathogen characteristics and host defenses. 
Carriage of Campylobacter spp. and E. coli O157 in healthy dogs 
is reported to be as high as 50% and 3%, respectively (25,26). 
The low prevalence of Campylobacter spp. and E. coli O157 
identified in the fecal samples cultured in this study precluded 
drawing conclusions on the impact of raw meat feeding on the 
prevalence of these pathogens in dogs.

Most of the work on the subject of raw meat feeding has been 
related to the carriage of Salmonella spp., with prevalence values 

ranging from 1% to 69% (2). Based on the use of a single fecal 
culture, Joffe and Schlesinger (8) reported that 3/10 RMF dogs 
shed Salmonella compared with 0/10 NRMF dogs. In a more 
recent study by Finley et al (27), 44% of dogs fed Salmonella-
infected raw meat diets excreted the organism intermittently in 
their feces starting from 1 to 7 d post exposure and continuing 
for up to 7 d. Given that not every lot of food was expected to 
be contaminated and fecal shedding is intermittent, the power 
to identify matching dog food/fecal pairs was low. Multiple 
samples from the dogs in both feeding groups may have resulted 
in higher prevalence estimates in this study, yielded more food/
fecal pairs positive, and identified similar serotypes among 
specimens.

The onset of and duration of shedding are related to dose of 
exposure, the serovar, and host factors (23,27). Furthermore, 
the Salmonella serovar present in the feces could represent a 
serovar that was consumed anytime in the previous week, not 
only that present in the feed the day immediately prior to stool 
collection. For example, it is possible that the dog from whose 
feces S. Heidelberg was isolated had been exposed previously to 
multiple strains of S. Heidelberg, or that the organism under-
went clonal turnover during passage through the intestinal tract 
of the dog (28). Many of the Salmonella serovars isolated during 
the course of this study have previously been reported in food-
producing animals, retail meats, dogs, and as causes of human 
disease, particularly in neonates or other immunocompromised 
individuals. Therefore, all these serovars isolated should be 
considered potential pathogens (29–34).

Another public health concern related to Salmonella infec-
tions is the emergence and increase in antibiotic resistance 
among Salmonella serovars spp. Many isolates in this study were 
susceptible to the panel of antibiotics tested. Resistance to 1 
(tetracycline) or 2 (tetracycline and ampicillin or streptomycin) 
antibiotics was common. Typically, approximately 40% to 50% 
of Salmonella spp. recovered from retail meats and from live 
animals are resistant to tetracycline (35,36). Likewise, resistance 

Figure 1A. Distribution of owners’ choice of food selection 
for self.
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Figure 1B. Owners’ views on the statement “Raw feed is 
healthy for dogs’ health.”
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to streptomycin ranges from 30% to 37% among Salmonella 
spp. from these sources (35,36). In this study, only 1 isolate 
was resistant to more than 2 (n = 3) of the antimicrobial agents 
tested. Multidrug (. 3) resistance, including resistance to 
important classes of drugs used extensively in human medicine, 
such as ciprofloxacin or 3rd generation cephalosporins, was not 
observed. The infrequent antimicrobial resistance observed in 
this study may be a reflection of the serovars and clonal groups 
recovered from these sources, the absence of selective pressure 
in the presumptively healthy dogs, or animals from which the 
meat was derived (37).

Although Salmonella spp., Campylobacter spp., and E. coli 
O157 in humans are primarily foodborne pathogens, there are 
several other important sources of exposure to these microorgan-
isms, such as water, direct contact with animals, and the environ-
ment. Living in a household with a dog or cat is considered to be 
a significant risk factor for humans to acquire campylobacteriosis 
(38). In 1 study, subtypes of C. jejuni recovered from poultry 
products, dogs, and humans in the population were indistin-
guishable, indicating an association between these sources (25). 
Several cases of E. coli O157 infection among children have been 
linked to contact with infected dogs (37).

The exact route and frequency of transmission of pathogens 
from pet dogs to humans has not been reported in the lit-
erature. However, petting animals and handling contaminated 
objects can readily transfer pathogens from the pet’s fur or the 
object to the owners’ hands (38). Possibly more importantly, 
as evidenced by findings in previous reports (39–41) and this 
study, the home environment can be an indirect source of 
contamination. Thus, when environmental contamination in 
the home is widespread, both personal hygiene (hand washing) 
and household sanitation are critical in preventing transmis-
sion, especially if the environment is contaminated with a 
large number of organisms. Most infant salmonellosis cases are 
acquired not from food, but from household environmental  
sources (41,42).

In this study, although RMF dogs were more frequent carriers 
of Salmonella, it was not possible to unequivocally implicate the 
raw foods as the source of the Salmonella in either the dogs or 
the environment. The contamination of the raw meat samples 
could have been present at the time of purchase or have occurred 
in the home. Likewise, dogs may have been exposed and the 
household environment contaminated with Salmonella spp. 
from other than canine sources in the environment, including, 
but not limited to, owners, wildlife, or other domestic animals 
(40,43,44). Multivariable logistic modeling is a useful tool in 
determining the contributions of individual risk factors in this 
study while adjusting for the confounding effects of other covari-
ates; however, in this study, the effective sample size of positive 
results precluded this particular statistical method from being 
employed, so only univariable analyses were performed.

Participation in this study was completely voluntary, sub-
mitted specimens were based on convenience sampling and 
the design of the study was not randomized, so participation 
among individuals could have contributed to a bias in the 
results. Laboratory workers were not intentionally blinded to 
the source of the samples as they arrived; however, standard 

operating procedures, including the number of suspect colonies 
to be selected from each plate, were followed.

Michel (45) proposed that owners choose diets for their pets 
based on affective (feeling-based) decision-making processes, 
such as how the pet fits within the family social structure and 
how the owners perceive the pet’s reaction to the food; on ideo-
logical principles like agricultural sustainability or vegetarian-
ism; and on principles of empowerment wherein “the pet owner 
becomes invested in the well-being of her or his companion.” 
The responses to this survey confirm that all of these driv-
ing forces play a role in owners’ decisions on feed selection. 
Although both groups of owners similarly (highly) ranked the 
affective measures of pets’ preference and the choice of food as 
a measure of concern for their pets, owners that fed raw food 
more frequently held stronger opinions concerning the impact 
of pet food choice on the environment and more often selected 
organic products for themselves (ideological rationale for pet 
food selection) (Figure 1A). Furthermore, the perceived disease 
prevention and treatment effects (empowerment) that raw food 
provided was a stronger rationale for dietary selection among 
those who fed raw meat than among those who did not include 
raw meats in their pet’s diet. This latter point underscores the 
idea that those feeding raw meat, in addition to following their 
affective and ideological principles, make rational decisions 
about feeding based on the information they consider to be 
true. Unfortunately, the large number of reputed health and 
therapeutic benefits of raw diets lack scientific validation. In 
addition, the ideological principles and affective decisions may 
be anthropomorphically biased, assuming that the same factors 
that make for sound decisions for owners apply equally to ani-
mals. To reiterate what was stated by Michel (45), all of these 
factors must be considered when developing communication 
strategies for pet owners.

In addition to veterinary consultation, development and 
dissemination of credible literature about the health implica-
tions of various pet diets, especially in media perused by those 
choosing alternative diets for their dogs (such as the Internet, 
newspapers, magazines, and books), would be helpful in order 
to provide science-based information to pet owners, so that they 
are able to make better informed decisions. However, because of 
the affective and ideological components involved in the choice 
to feed raw meat, even the most comprehensive scientific review 
will not persuade all owners to change their feeding practices.

Since raw meats are frequently contaminated with pathogens, 
eliminating these uncooked meats from dogs’ diets may be the 
single most effective method to reduce prevalence of canine 
infection with these pathogens. Many of the food safety con-
cerns related to feeding raw meat to pet dogs could be avoided 
by cooking the raw meat components. But, first, it will be neces-
sary to further understand the perceived barriers to this type of 
intervention before this important food safety and public health 
intervention strategy will be adopted.
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